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Abstract CMB photons passing through a collapsing texture knot receive an en- 
ergy shift, creating characteristic cold and hot spots on the sky. We calculate the 
anisotropy pattern produced by collapsing texture knots of arbitrary shape. The tex- 
ture dynamics are solved numerically on a Minkowski background. 



1 Introduction 

Textures are an unstable type of topological defect which are generically formed 
whenever there is a complete spontaneous breaking of a non-abelian global symme- 
try, what can be easily implemented in the context of Grand Unified Theories Q. 
Unlike other topological defects textures are unstable, and collapse roughly at the 
speed of light as soon as they enter the horizon. When the defect size falls below the 
symmetry breaking scale the topological charge is no longer conserved and the tex- 
ture decays into the vacuum (unwinding). The integrated Sachs-Wolfe effect causes 
the CMB photons passing near the texture to be typically red-shifted or blue-shifted, 
leaving characteristic hot and cold spots in the cosmic background. The interest on 
textures increased after Cruz et al. and Feeney et al. J3] |4| considered the texture 
model as one of the most plausible hypothesis to explain the CMB anomaly known 
as the Cold Spot. 

These analyses rely on the existing predictions for the anisotropy pattern pro- 
duced by global textures. In particular they use a very idealized analytical result 
obtained by Turok et al. in Q, who studied the simplest model admitting texture 
solutions, the 0(4)— model, which is characterized by the Lagrangian 
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Fig. 1 Prediction of the time evolu- 
tion of the temperature fluctuation at 
the center of the anisotropy by dif- 
ferent methods: field theory simula- 
tions (solid line), self-similar collapse 
(dashed line)(|2} 



% = \d^ a d»$ a - A {M a - 77 2 ) 2 , a = 1,2,3,4. (1) 

This model describes the dynamics of four real scalar fields (j> a , with their interac- 
tions given by a mexican-hat type potential, where X is the self coupling and 7} the 
expectation value, which determines the symmetry breaking scale. The analytical 
solution found by Turok et al. relies on the non-a model approximation to solve the 
dynamics (i.e. a 0„ = T} 2 is assumed at all times), which breaks down at the unwind- 
ing event, and describes spherically symmetric texture collapsing in a self-similar 
way. The anisotropy pattern produced by such a texture is given by 

where r is the impact parameter of the photon respect to the center of the texture, 
and fo the time at which it is closest to the texture, with f o = being the time at 
unwinding. Such a solution has been known for a long time to be unlikely to occur 
in a cosmological context (TJ. Actually, the authors of |3] |4) truncated the radial 
profile Q and matched it with a Gaussian at its half-maximum because it is known 
not to be valid for large values of the impact parameter where it has a very slow 
decay as r~ l , leading to an unrealistically large spot. Moreover, the amount of red- 
shift or blue-shift received by the photons crossing the center of the texture is the 
same independently of the time of crossing ?o, (dashed line in Fig.[T|, even at very 
early times when the texture size is large, and thus the energy density is very diluted. 

The purpose of the present work is to provide a more realistic prediction of the 
anisotropy pattern left by a random texture, without making any assumption about 
the initial configuration of the texture, through numerical simulations of the full 
dynamics of a texture configuration in the 0(4)— model. 

2 Numerical methods 

In order to characterize the anisotropy produced by textures with arbitrary shape 
we proceed as in J2j . To simplify the dynamics it is assumed that the gravitational 
field produced by the texture is small, which implies that the texture can be evolved 
on the unperturbed background and the CMB photons travel along the unperturbed 
geodesies. The dynamics of the (9(4)— model are solved evolving numerically a dis- 
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cretized version of the equations of motion for Minkowski background on a lattice 
of 96 3 grid points. The lattice has periodic boundary conditions, and the grid spac- 
ing is Ax = y/2/Xr] 2 . These results can be extended to the cosmological case as 
long as all the length-scales and time-scales involved in the simulation are small 
compared with the size of the horizon H . We have evolved 1300 random initial 
configurations with a correlation length of 36 lattice spacings, and during a time 
interval of 96Ax ■ c, so that the boundary effects can be ignored. The correspond- 
ing anisotropy pattern is calculated only for those initial configurations leading to 
isolated unwinding events which happen away from the start and the end of the evo- 
lution (33 in total), so that photons have time enough to cross the complete texture. 
In a Minkowski background the Sachs-Wolfe formula can be solved explicitly in 
terms of the energy momentum tensor of the texture configuration. The anisotropy 
is calculated using an approximation of this solution valid for anisotropies covering 
small angular scales (see 13). 

3 Summary of the results and conclusions 

In order to compare our results with the self-similar solution Q, we have mea- 
sured the fractional temperature change for photons crossing the center of the tex- 
ture for each of the 33 initial configurations, and then we have averaged over the 
whole ensemble. The result is represented by the solid line in Fig. [T] The plot 
shows how our numerical simulation resolves the unwinding event, which lasts 
about St ~ 10 A~ 1//2 77~', in contrast with the analytic solution in |7| which has 
a step-like behavior (dashed line). Moreover, we can also see how the brightness 
of the spot decays at early and late times, implying that textures are only observ- 
able during a finite interval around the unwinding event. This might have important 
consequences for the Bayesian analyses in J3] 0], which requires an estimate of the 
number of cold and hot spots due to textures which can be observed in the sky at a 
given time, and of a given angular size. In particular, as the size of the texture con- 
figuration grows with time as we go far from the unwinding event J7]|2, we expect 
the angular scale distribution of spots to decay faster for large spots than the esti- 
mate made in Q. We have also recovered results in [2 J which show that the average 
cold and hot spots produced by random textures are significantly less pronounced 
than the Turok solution (20 - 50%): 

^Ux = (+0.77±0.21)e, ^U = (-0.49±0.13)e, (3) 

which is specially relevant in order to estimate the symmetry breaking scale, as it 
can be extracted from the spot brightness (3]|4). Moreover, the reduction on both the 
spot brightness and the number of spots might hinder distinguishing the signature of 
an unwinding event on the CMB temperature from a large gaussian fluctuation. The 
analysis of the CMB polarization would provide a useful method to discriminate 
between those two possible scenarios [6|. 
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Fig. 2 Averaged radial profiles of a hot spot (left) and a cold spot (right) at maximum brightness. 
The continuous lines represent our results and the dashed line corresponds to eq. (|2j. 

In order to characterize the anisotropy pattern we have obtained the radial profiles 
of a cold and a hot spot at maximum brightness. Since textures become spherical 
close to the time of the unwinding [5|, after averaging over the whole ensemble of 
initial conditions, we have also averaged the profile over the azimuth angle. The 
result is represented in Fig. [2] (continuous lines). In these plots we can see again the 
differences between the maxima and minima of the calculated profiles and the Turok 
solution (dashed line). In addition, it is also evident that the profiles we found are 
significantly more localized than the analytic solution. These results, together with 
the expected corrections to the angular scale distribution of observed spots suggest 
a revision of the analyses done by Cruz et al. and Feeney et al. GHU. 

The present study is a first approach to improve the existing predictions for the 
anisotropy pattern produced by a collapsing texture. Future work involves repeating 
these simulations in a larger lattice in order to reduce the boundary effects, and to 
study the dependence of the profiles on the photon emission and reception times. 
In addition we intend to evolve the texture configurations in a Friedman-Robertson- 
Walker metric in order to characterize the effect of the expansion of the universe on 
the anisotropy pattern produced. 
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